Decreasing population density is a current trend in the European Union, and causes a lower environmental impact on the landscape. However, besides the desirable effect on the regeneration processes of semi-natural forest ecosystems, the lack of traditional management techniques can also lead to detrimental ecological processes. In this study we investigated the land use pattern changes in a micro-region (in North-Eastern Hungary) between 1952 and 2005, based on vectorised land use data from archive aerial photos. We also evaluated the methodology of comparisons using GIS methods, fuzzy sets and landscape metrics. We found that both GIS methods and statistical analysis of landscape metrics resulted in more or less the same findings. Differences were not as relevant as was expected considering the general tendencies of the past 60 years in Hungary. The change in the annual rate of forest recovery was 0.12%; settlements extended their area by an annual rate of 3.04%, while grasslands and arable lands had a net loss in their area within the studied period (0.60% and 0.89%, respectively). The kappa index showed a smaller similarity (~60%) between these dates but the fuzzy kappa and the aggregation index, taking into account both spatial and thematic errors, gave a more reliable result (~70-80% similarity). Landscape metrics on patch and class level ensured the possibility of a detailed analysis. We arrived at a similar outcome but were able to verify all the calculations through statistical tests. With this approach we were able to reveal significant (p < 0.05) changes; however, effect sizes did not show large magnitudes. Comparing the methods of revealing landscape change, the approach of landscape metrics was the most effective approach, as it was independent of spatial errors and ensuring a multiple way of interpretation.
Introduction
According to the general trends in Europe, due to population decline and urbanisation processes, numerous rural regions, especially in the eastern countries, have experienced decreasing and aging populations since the middle of the twentieth century (Antrop 2004 , Kozma 2006 , Molnár and Pénzes 2008 . Furthermore, as a consequence of reduced land use intensity, the amount of arable lands has decreased since the area of forests has been constantly increasing over the last few decades (Rounsevell et al. 2005) . This phenomenon is a general trend in Hungary and also in other Central European countries (Szabó 2003 , Young et al. 2005 . This study aims to investigate landscape changes induced by abandonment, which has altered the landscape pattern and can significantly influence the further survival of various valued native plant and animal species.
In this study we dealt with the identification of trends in land use or land cover (LULC) change and focused on landscape metrics on both patch and class levels. Traditional techniques of geoinformation science use the position of pixels (raster data model) or objects (vector data model) and provide proportional data about the difference between map pairs. However, maps always have geometric errors due to their orthorectification (i.e. when aerial photos are processed to eliminate distortions; Rocchini and Rita 2005) . One can find several attempts to mitigate this effect (e.g. fuzzy sets) and these solutions can handle the errors of mispositioning but also influence the real linear elements of the landscape (Hagen-Zanker 2009) . Landscape metrics are considered to be quantitative tools of landscape ecology which help to quantify visual observations with dozens of indices (Forman 1986 , Uuemaa et al. 2013 . The advantage of using them is the multiple perspectives we can apply: we are able not only to determine the spatial features on the historical land cover maps but also to investigate the area, edge and shape characteristics of patches, as well as their fragmentation and connectivity (Uuemaa et al. 2009 ). The goals of landscape preservation are to maintain or develop the natural elements of landscapes, and the functional connections among them. These indices can provide results to help such efforts. Although many spatial metrics are available, only a few of them (e.g. area, perimeter-area ratio, buffer zones) are used in the practice of landscape planning. On an international level, there are good examples in the practice of spatial planning where the landscape connectivity was taken into account (e.g. usage of BEETLE model in afforestation with the aim of improving the connectivity of the existing forest patch network, Stone 2007;  or in the planning of the transportation system of California, Girvetz et al. 2008) .
For the evaluation of habitat connections and the fragmentation of different species, landscape metric indices are commonly used (Ernoult et al. 2003 , Caplat et al. 2006 , Plieninger 2006 . Landscapes have special features regarding the appearance of habitat patches and their patterns (Kerényi and Szabó 2007) . The extent and quality of patches determine which species are able to use them as real habitats, corridors or stepping stones during migration (Turner 1989, Kareiva and Wennergren 1995) . In addition to this, patterns, that is the absolute and relative status of patches, the distance from the next patch belonging to the same land cover class, and linkage density, also influence species distribution (Pimm 1984 , Williams et al. 2002 . Although there are several landscape metrics, they often correlate accounting for redundant information (Riitters et al. 1995) , thus, their universality should also be considered (Cushman et al. 2008 , Szabó et al. 2014 .
A map of LULC shows only the status of a given moment (depending on the date of the aerial photograph, satellite image or field survey). On the one hand, analyses of these maps provide valuable and indispensable information for nature conservation experts and landscape planners. On the other hand, knowing the directional trend of changes is an important element in understanding the landscape processes. Several studies have explored tendencies and identified changes, threats or processes in the landscape (e.g. Szilassi et al. 2006 , Hill et al. 2008 , Šimanauskienė et al. 2008 , Van Dessel et al. 2008 , Frondoni et al. 2011 , Drummond et al. 2012 , Sallay et al. 2012 , Stellmes et al. 2013 . Time series LULC data can be used in spatially explicit land change models where the maps represent the input data and a future landscape is the target variable. These models are popular, although there is some uncertainty concerning validation. Although all models have errors and landscape change models are not exceptions (Verburg et al. 2006 , Martínez et al. 2011 , some authors found landscape models to be useful tools in planning (Ray et al. 2012) .
In our study we investigated a study area where the type and intensity of human impacts has changed relevantly in the last few decades, with a decreasing extension of managed areas and changes in landscape cultivation. Former lands with extensive land use practices (moderate grazing, traditional forestry where the different activities were inter-related in several ways) are spatially dispersed. Activities have become separated, intensified (crop production, forestry) or have almost completely disappeared (moderate grazing). Meanwhile, new landscape functions have appeared (recreation, ecotourism, nature conservation), which require different methods of landscape management.
Our aim was to establish whether structural changes in land use practices and relevant socio-economic changes could also be identified in landscape patterns with landscape metrics. Besides this, we analysed the possibilities of comparisons among the sets of land use maps and evaluated the efficiency of the methods applied. The main question was whether GIS methods, landscape metrics and statistical methods are the most appropriate tools to reveal the trend in changes in landscape structure and pattern.
Materials and methods

Study area
The study area is a micro-region of Hungary, the Felső-Hegyköz with an area of 243 km 2 ( Figure 1 ). The dominant land cover type is deciduous forest, dominated by Beech (Fagus sylvatica), Hornbeam (Carpinus betulus) and Sessile Oak (Quercus petraea) with a considerable proportion of meadows and arable land. The whole area, except the settlements, belongs to the National Ecological Network (as both buffer and core areas) and the Natura2000 SPA sites. The northern part of the area is a nature reserve (Zemplén Landscape Protection Area), declared a Protected Landscape in 1984, and belonging to the Aggtelek National Park Directorate. Since 2004 it has also been a Natura2000 SCI site.
The study area contains 14 settlements with a total population of 5071 (2012) and a population density of 21 people/km 2 ; however, this figure was 31 people/km 2 in 1952. The area is considered a very thinly populated area even by Hungarian standards (the average population density of Hungary is 107 people/km 2 [HCSO 2012]) . The population of the study area is aging, and has decreased by more than 22% in just the last two decades (HCSO 2012).
The most valuable parts of the study area are the grasslands. Many protected (e.g. Orchis) species occur in these habitats and grazing or mowing would be desirable (Török et al. 2009 , Valkó et al. 2012 . Management was previously done by the inhabitants but given the age-structure of the surrounding villages, the inhabitants have given up animal husbandry. The traditional extensive cattle grazing (Petercsák 1983 ) of the region was an important factor in forming and maintaining valuable ecological habitats and landscape structure. Therefore, to maintain these habitats and landscapes, management should be done by volunteers and national parks.
Given its natural value and scenic landscapes the territory has become a favourite location for ecotourism. Therefore, although human disturbance is decreasing in terms of the local inhabitants' landscapecultivation activities, the landscape faces the phenomenon of an increasing number of tourists, which results in a different type of landscape use and cultivation, that is an increasing proportion of tourism infrastructure and disturbance. It was because of the importance of the area in sustaining biodiversity and protected species and habitats that we chose it to identify trends of land use changes, not only by summarising the proportion of land cover categories, but also by characterising changes in their pattern.
Land use data
Aerial photos from 1952, 1971 and 1988 were provided to us by the Map Collection of the Museum of Military History. Aerial photos were scanned and orthorectified with DigiTerra Map 3 (DigiTerra Ltd., Budapest, Hungary) using the SRTM digital surface model. The resolution was 10 m and RMSE values were kept under three pixels to ensure the exact overlapping of the polygons of habitat patches. Aerial photos of 2005 were orthophotos produced in the framework of the Hungarian Digital Orthophoto Program. Five LULC classes were distinguished (forests, grasslands, arable lands, orchards and areas under strong anthropogenic activity) based on the overall interpretability of the aerial photos (coloured images from 2005 allowed more classes, but older ones had their limits). Habitat patches were interpreted visually and vectorised in ArcGIS9 (Redlands, CA, USA; ESRI 2008) . Minimum mapping unit was 0.01 ha.
The thematic accuracy of the LULC maps derived from archive aerial photos cannot be perfect (i.e. all maps contain uncertainties). It was also not obvious how to distinguish even these five categories. Orchards and forests can be similar, especially when their management has ceased as a consequence of abandonment: an orchard's inner structure can fade without management. The thematic content was checked against field surveys (in the case of the 2005 images) and ancillary data in the case of older maps (3rd Military Survey Map, 1:25,000 scale military maps of 1952, 1:10,000 scale map of 1979 [EOTR10]).
Landscape metrics
Vector overlays were converted to raster format (with 10 m resolution) and were analysed with Fragstats 3.4 software (Amherst, MA, USA; McGarigal and Marks 1995) . Neighbouring patches that belonged to the same LULC class were merged into one to ensure the correct number of patches (otherwise landscape metrics would provide false information). We chose the most relevant metrics to characterise the given state of the landscapes (Table 1) . Selection was in accordance with these aims: to detect changes in patch and class level considering not only the area of the patches (AREA) but their shape and the level of fragmentation. Shape metrics (SHAPE, FRAC) were used to determine the complexity of the patch forms (applying the island biogeographical observations of Table 1 . Landscape metrics used in the investigations. C Indices are measures of fragmentation and redundant but can be interpreted in a different way. DIVISION is a probability that two randomly placed points will be in the same patch. MESH is the expected size of a patch considering the probability of connectedness.
Effective mesh size (MESH) C
Interspersion and juxtaposition index (IJI)
C Measure of interspersion that takes into account the adjacency of patches. Length of patch borders are calculated by LULC classes (range: 0-100).
Notes: P, patch level; C, class level. Adapted from McGarigal and Marks (1995) and Jaeger (2000) . McArthur (1964) : the more complex the patches, the fewer endemic or stenoecious species can live there because of the smaller undisturbed area). Distance between patches within a land cover type (ENN) and fragmentation metrics (DIVISION, MESH and IJI) revealed the landscape pattern and provided information about the connectedness of the patches.
Map comparison
Spatial comparison of the maps was carried out with contingency tables (Chrisman 1987) and fraction correct (FC), kappa (or kappa index of agreement, KIA), fuzzy kappa and aggregated cell index (Cohen 1960 , Hagen-Zanker 2009 , Vliet et al. 2011 . FC is the ratio of the number of pixels having the same values in both maps and the number of all pixels (Hagen-Zanker 2009); KIA is a simple measure of the association of two maps and its value expresses the magnitude of agreement compared with the case of agreement by chance (Rosenfield and Fitzpatril-Lins 1986) . Both FC and KIA consider only the overlapping pixels, while fuzzy kappa and aggregated cells can handle both the uncertainties of image rectification and the uncertain borders of habitat patches. In fuzzy analysis, we applied a 100 m transitional zone (with linear function) in order to be sure that errors of georeferencing and vectorisation could be ignored. Another possibility was the usage of the aggregated cells approach (Pontius et al. 2004 ): pixels were collapsed into one depending on an aggregation factor chosen by us. A value of 4 was applied, which meant 16 (4 × 4) pixels became one. Kappa, fuzzy kappa and aggregated cells ranged between 0 and 1. In this scheme, 0 meant absolute independence between two images and 1 was perfect similarity. Indices were calculated using Map Comparison Kit (Maastricht, the Netherlands; Visser and De Nijs 2006) .
Statistical analysis
Distribution of the patch level data was tested with the Shapiro-Wilk test and most of the variables did not have normal distribution; therefore, we applied non-parametric tests (Mann-Whitney, Kruskal-Wallis and Wilcoxon tests). Due to the specific characteristics of the data, we carried out the comparisons in two ways. The most important problem is that habitat patches are continually changing in space, thus it is not possible to trace them in a longitudinal way, in time, with unique IDs: there are patches which are forming or disappearing. Besides, links can connect formerly separated patches or links can be eliminated, resulting in new patches. Therefore, pairwise tests can be applied only on those patches where IDs are supervised by the user. We selected all the patches that can be identified in the different dates and tagged them with the same ID for the pairwise comparisons for each consecutive date pair (1952-1971, 1971-1988, 1988-2005 and those which were identified in all dates; the number of cases was different in each pair: 102, 76, 110 and 33, respectively). Pairwise comparisons were conducted with the Wilcoxon test. We also carried out a comparison considering all data derived from the LULC maps with a non-pairwise method. Although in consecutive years we can probably work with a similar number of more or less changing patches, due to the large number of forming-disappearing and merging-separating patches, we omitted these from our analysis and only used the rest of the data (the proportion of patches having the same ID was 9.9% for 1952-1971; 9.1% for 1971-1988 and 12.0% for 1988-2005) . The Kruskal-Wallis test was used in the case of four groups (i.e. four maps); for comparisons of the consecutive date pairs the Mann-Whitney test was applied. We reported significance at p < 0.016, as we did not perform a full factorial analysis and applied the Bonferroni correction: dividing the p < 0.05 by the number of comparisons (i.e. 3: 1952-1971; 1971-1988; 1988-2005) . Our null hypothesis (H 0 ) was that landscape metrics derived from LULC patches had the same mean rank, and the alternative hypothesis (H 1 ) was that the mean ranks of the metrics were different at the p < 0.05 level. Only consecutive date pairs were tested; thus, we were able to test their similarities or differences from several perspectives provided by landscape metrics.
We calculated effect sizes (r values) to quantify the magnitude of differences between groups in a standardised and comparable form (Cohen 1992 , Field 2009 ). Statistical investigations were conducted with SPSS 17 (Chicago, IL, USA) (SPSS Inc. 2007) and PAST (Oslo, Norway; Hammer et al. 2001) software. All statements on significance were interpreted at p < 0.05.
Trends of landscape dynamics were revealed with principal component analysis (PCA). We applied the Varimax rotation to extract principal components (PCs) and the number of PCs was determined using the Kaiser's rule. Accuracy of sampling adequacy was controlled with the Kaiser-Meyer-Olkin (KMO) measure (Zar 2010) . We involved the class level data in the analysis with the following variables: AREA, SHAPE (as a shape metric), ENN (as a distance metric) and IJI (as the measure of interspersion of the given class with other classes).
Results
Changes in LULC
Patch areas ranged from 200 m 2 to 174 km 2 and the upper quartile was 0.04, 0.09, 0.14 and 0.07 km 2 , respectively, in order of time (1952, 1971, 1988, 2005) , including a high percentage of outliers (>1.5 times interquartile range) and extreme data (>3 times interquartile range).
Forest was the most dominant land cover type at all examined dates between 1952 and 2005 in the study area with about 70% coverage (Table 2, Figure 2 ). The proportion of orchards was small (0.2%) and their presence decreased to 0.002% during the examined period. Although arable lands occupied a larger area (19.4%), this decreased to almost half the previous value (10.2%). The area of grassland varied over time (from 8.5% to 13.7%); after a brief period of increase, the area decreased again (11.2%). 
Comparison with GIS methods
First, we compared the maps pairwise in chronological order ( again. Fuzzy kappa and aggregated cells had larger values as these algorithms diminished the spatial errors and indicated a higher level of similarity between the given dates (e.g. in 1952-1971 the similarity was 69%, whilst aggregated cells showed almost 86%).
These overall values did not reflect those changes in the LULC classes for which reasons could be established. Consequently, it did not inform us about the causes of the change; thus, we demonstrate the possibilities of comparisons with contingency tables for the years 1952 and 1971 (Table 4) . Although these numbers are biased by the error of orthorectification, we can observe the main characteristics of the changes: similarities in settlements, forests and arable land were above 50%, and orchards showed the greatest change. Transitions of land cover units were also considered relevant information. For example, areas under anthropogenic influence in 1952 turned into forests (4892/30,786; 16%), arable lands (3426/30,786; 11%) and grasslands (1462/30,786; 4.7%), and areas under anthropogenic influence in 1971 were mainly forests (6547/41,131; 16%) and arable lands (8441/41,131; 20%).
KIA as a general indicator of association was 0.69, indicating moderate agreement between 1952 and 1971, while KIA values calculated per category showed a greater variance. Arable land showed the largest, and orchards the smallest, agreement. The fuzzy kappa values calculated per category were similar to the kappa values, but reflected greater agreement between 1952 and 1971 ( Table 5 ).
The area of the transitional zone, where the fuzzy category membership was not equal to 0 or 1 (indicating a change in, or permanence of, the land cover), was 26.11 km 2 . We reduced the fuzzy values to 0.3-0.7, presuming that values close to 0 or 1 can be regarded as being inside the error limit and considering this area as containing elements which cannot be unambiguously classified. The extent of this area was 11.9 km 2 , representing 4.6% of the study area. We demonstrate the consequences of the fuzzy approach in Figure 3 (Areas 1-4) . Area 1 was a real grassland strip, but lengths were different in 1952 and 1971. The uncertain fuzzy membership for the whole extent of the strip is the result of the uncertainty of the orthorectification, where the two existing grassland strips did not cover each other exactly. We can observe the same situation in Area 2. Area 3 was a former grassland, whose area was reduced by the intensive invasion of the surrounding forest. Area 4 highlighted another aspect of the error of orthorectification: although the grassland habitat existed in both dates to almost the same extent, we observed an increase in the area on the western side, while there was a reduction in the eastern and southern part.
Comparison of patch level landscape metrics with a pairwise statistical approach
We found significant differences only in the case of shape metrics (SHAPE, FRAC) in the period from 1952 to 1971, PERIM from 1971 to 1988 and FRAC from 1988 to 2005 (Table 6 ). Effect sizes (r) were usually above 0.15 even in the case of non-significant differences indicating a slight magnitude between the analysed pairs.
Comparison of patch level landscape metrics
As a subsequent step we compared the rest of the data by landscape metrics with nonpairwise methods. Patch areas changed significantly between 1952 and 1971 and 1988 and 2005 , but the magnitude of the change was slight (Table 7) . Fractal dimension (FRAC) indicated significant changes for patch shapes in each date pair but the magnitude was large only for the 1988-2005 period. The largest changes were identified in this latest period, as well; except for PERIM, all landscape metrics showed a significant difference, especially for shape metrics and ENN.
Changes in fragmentation
Nearest neighbour distances (ENN) of forests increased slightly between 1952 and 2005, from 50 to 68 m (Table 8 ). Distances between grasslands varied but stayed under 200 m, which was important from the point of view of connectedness. However, distances between forested areas decreased using the increased 100 m radius PROX values (i.e. the available parts of neighbouring patches of the same LULC class became larger). In terms of subdivision metrics (MESH and DIVISION) grasslands and orchards were completely fragmented and isolated. Forests represented a large proportion of the total area in each map (i.e. for each date), and there was a large patch which occupied 69% (16,900 ha) of the whole study area; however, the rest of the forest area was fragmented into small patches. This was the reason for the relatively high value of DIVISION for forests. The interspersion (IJI) of LULC classes was different and orchards had the most diverse environment. Because grasslands bordered mainly on forests, they had low values (below 30%).
Trends of the changes
PCA of four of the class level landscape metrics explained 87% of the total variance (KMO = 0.69); PC1 accounted for 56%, correlating with AREA, SHAPE and ENN; PC2 explained 31%, correlating with IJI. The scatterplot of the PC-scores reflected the trajectories of the changes according to LULC classes (Figure 4) . We observed definite trends in the case of arable lands, forests and orchards, while change trajectories of grasslands and areas biased by the anthropogenic influence varied.
General tendencies in total land cover and land use pattern were most obvious in the extension of forested areas (Figure 2(a) ): besides a slight increase in area, the complexity of the shapes of forest patches also increased, but the nearest distances between neighbouring patches (ENN) decreased, indicating the natural afforestation processes. Accordingly, there was also an increase in interspersion. Furthermore, arable lands retreated (Figure 2(b) ), their area and shape complexity decreased and ENN increased. Their interspersion with other LULC classes also decreased. Orchard patch sizes decreased, as did the number of patches (Table 5 ) and shape complexity, but the main tendency was increasing interspersion. A conspicuous spatial reorganisation took place in grassland pattern patches (Figure 2(c) ). While PC1 indicated the maintenance of the average patch size and shape, the pattern changed: the interspersion decreased ( Figure 4) . Changes in anthropogenic areas did not follow a trend.
Discussion
Methodological evaluation
Pairwise spatial comparisons have several problems, with mistakes that cannot be handled objectively, especially with aerial photos taken in the middle of twentieth century which cannot be georeferenced without errors, due to a lack of available (and currently identifiable) ground control points. This leads to the misplacing of the habitat patches and so overlays from different periods will not exactly cover each other. Thus, even if we use a fuzzy approach to mitigate the differences arising from misplacements, results will be more reliable but still loaded with errors: for example small real differences will disappear when the search radius is wider (i.e. linear landscape elements and ecological corridors can be omitted from the analysis). However, distance-based weighting techniques have been considered a promising solution in comparisons (Rose et al. 2009 ). In our study fuzzy kappa values were higher, indicating correspondence between the maps, according to the transitional zone. Rose et al. (2009) found that aggregated cells was insensitive to search radius and it gave a higher level of similarity in our examinations as well.
According to Raines (2002) , spatial metrics are appropriate tools to compare maps. Since in these investigations spatial characteristics are taken into account regardless of absolute location (exact overlapping is not required), patches are identified with unique identifiers (an identical ID for the same patch in different dates). Therefore, errors generated from georeferencing can be ignored when using landscape metrics. A common issue with this approach is the question of patches being traceable longitudinally; thus, the number of objects in the analysis can be the same as the original number, but can be very low according to the landscape dynamics.
From a methodological point of view, all comparison methods showed a weak change; however, it was only the landscape metric approach which was able to answer whether changes were significant (p < 0.05). In addition, we were also able to judge the magnitude of the changes with effect sizes. A significant difference can only be interpreted as a 'large change' but it can be a small difference with narrow confidence intervals (Field, 2009) . Although most of the changes were significant, effect sizes (r) indicated that in our case the changes did not have high magnitudes.
As a summary of the comparisons, we can conclude that there is no method that can cope with all the possible issues relating to geometric accuracy and statistical preconditions without trade-offs. We have summarised the advantages and shortcomings of the different techniques (Table 9 ) and our suggestion is to apply them in a combined way. Contingency tables with the kappa index report the similarity in an incorrected way, while fuzzy kappa can eliminate the problems of mismatching the pixels. If we determine the area of pixels which have transitional membership (between two LULC classes), and quantify the area of this zone, results can be interpreted with a better understanding of possible spatial and thematic errors. Longitudinal analysis of landscape metrics can be biased by the issue of the independency of the consecutive dates, but can be handled by separating the patches with the same IDs and the rest of the data. A narrative description of class level data is an efficient method to demonstrate the landscape dynamics and can be supported by PCA biplot diagrams to reveal trends over time. Landscape metrics can be correlated but not always redundant: the provided information can be interpreted in different ways depending on the aims of the investigations (Uuemaa et al. 2011 , Szabó et al. 2014 .
Landscape change of the study area
Concerning the area of the habitat patches, reforestation is a serious problem for nature conservation: without management the valuable small grasslands will disappear. If the area and, as a consequence, inter-patch distances, change, the possibilities of species migration relating to grasslands can decline (Szabó et al. 2012) . Grasslands are the most endangered habitats in the study area. Forests are dominant elements of the landscape and form large patches. Just as Sitzia et al. (2010) found in numerous case studies, we could also establish a constantly increasing mean patch size in the study area. Smaller changes do not influence their characteristics significantly; they are persistent and less sensitive to anthropogenic disturbance. Naturally, this statement is true to a limited degree, considering only forests in general. Individual patches can be invaluable habitats and associations (Simon 2006) .
Comparisons of different periods by LULC classes revealed the specific details; we were able to follow the changes from several perspectives, considering both area and shape. Our findings reflected that there were changes in the study area, but that the magnitude was not large. There are several areas in Hungary where the landscape is dominated by agriculture and has experienced two structural transformation periods (in the 1950s when the agricultural cooperatives were formed, and after 1990 when cooperatives were divided up again). However, our study area was not affected by this process, except for the merging of small parcels; the extent of ploughed land did not change to a relevant degree. The relief and the inherited structure determined the agricultural possibilities. This was strengthened by the fact that the area of ploughed land patches only changed to a non-significant extent. Beside forests, grasslands are the most valuable habitats in the area but they will disappear without human maintenance (mowing and grazing). Agricultural abandonment is not exceptionally intense in the area, but due to the decline of traditional cattle holding, traditional hay meadows are shrinking, which endangers species richness (Török et al. 2009 ). The most important task for conservation planning is to encourage grazing and mowing on grasslands to sustain biodiversity. The area of grasslands in 2005 was about half what it was in 1977, but shapes were ecologically vulnerable; shape metrics indicated complex geometry (i.e. patches had concave shape which reduces the valuable core area; Forman 1986) at all examined dates. Beside the small increase in the proportion of the occupied area, mean patch size decreased; accordingly distances to the nearest neighbouring grasslands also decreased. Thus, the availability of these patches improved; however, the habitat quality was not uniformly good (Valkó et al. 2012) . The real risk is that smaller patches can become distinct more easily than large ones; consequently, biodiversity will also be reduced.
Conclusions
Comparisons were successful in indicating the changes but the level of efficiency was the function of the limitations of the methods. In general, GIS-related methods can provide acceptable solutions but if we need detailed information, usage of landscape metrics can be suggested.
Overlapping (cross-tabulation and kappa index) a series of maps performs well when there are no errors of georectification; however, we often have to count with the consequences of the non-matching pixels. Therefore, the comparison is not completely accurate, but its measure is the function of the geometric accuracy.
Fuzzy approach (fuzzy kappa and aggregated cells) can mitigate both the geometric and thematic errors but also diminish real changes within the transitional zones defined by the user. Thus, especially the elongated patches can disappear. The extent of the transitional zone was 4% of our study area and real ecological corridors were considered as geometric errors. FC indicated larger similarity (79-85%) than kappa and fuzzy kappa. Kappa was the most rigorous index of association (KIA values were between 0.54 and 0.69) but biased by the georectification, while fuzzy kappa indicated better agreement (values were 0.08-0.12 larger than KIA).
Landscape metrics have the potential to reveal several important characteristics of the changes from ecological aspects beside the extent of the patches. Patch shape, fragmentation and isolation also can be determined. In addition, this object-oriented approach is based on the patches and not the location (i.e. all patches are identified and can be traced in different maps). These investigations should be combined with statistical analysis. Hypothesis testing is an efficient tool to determine the difference between the dates. We pointed out that the statistical significance itself is not enough to judge the magnitude of the changes; effect size (r) was the appropriate tool for this task.
PCA can overcome the issue of independency of the dataset of the consecutive dates and was useful in revealing the trend of the changes regarding the time series by LULC types.
